ABSTRACT: Papaya is a fragile, perishable fruit, highly accepted worldwide. To keep the quality of papaya from harvest to the consumers, conservation techniques are often used; among them is the application of gamma irradiation. The objective of this work was to evaluate gamma irradiation in papayas harvested at three degrees of maturation, in order to increase shelf life. Papayas were harvested in perfect quality conditions and selected by skin coloration into three distinct degrees of maturation: maturation 0, or beginning of yellow coloration; maturation 1, yellow stripes more developed, and maturation 2, one third yellow. Half of them were irradiated with 0.75 kGy, while the other half became control treatment. They were analyzed in four periods of conservation, which were 1 DAI (days after irradiation refrigerated at 11 ± 1°C), 14 DAI, 14 DAI + 3 DRT (room temperature at 24° ± 2°C) and 14 DAI + 6 DRT. The papaya maturation degree at harvest did not influence the radiation effect. Irradiation maintained firmness of papaya and, therefore, delayed ripening; modified the green color of papaya to a lighter, more intense tone, which determined more homogeneity in the development of the skin's yellow color (greater values of L* and croma). There was no effect of irradiation in papaya weight loss, occurrence of diseases, croma of flesh color, pH and total soluble solids contents. Key words: post-harvest, food conservation, gamma irradiation, tropical fruits, shelf life
INTRODUCTION
Papaya is a tropical fruit of great acceptance and of increasing economical importance in Brazil. Brazil is the world's largest papaya producer, but exports, only a small fraction of its total production which, however, has increased in the past few years (FAO, 2002) .
Because papaya is naturally fragile, it is a target to many post-harvest injuries and mechanical damages due to its thin skin. Papaya also cannot resist low temperatures, increasing the difficulties in its storage, and finally, for the entering in some countries, needs to undergo approbatory efficiency of quarantine treatments against fruit flies (Bleinroth, 1995) .
Gamma irradiation in low doses has satisfactorily increased papaya's shelf life by delaying the ripening process and senescence; it is also effective in the quarantine treatment against fruit flies (Thomas, 1986) . Moreover, using the technique combined to hot water dip, papaya shelf life could be extended by reducing fungal rots.
The optimum dose for ripening delay in papaya is 0.75 kGy, which preserves papaya firmness for a longer time (Moy, 1977; Akamine & Wong, 1966; Akamine & Goo, 1977) . However, conflicting results have been presented regarding definition of the maturation stage of papaya at the moment of irradiation, since its efficiency in delaying the ripening process will depend on the maturation stage. According to Urbain, (1986) , Akamine & Goo (1977) , and Bleinroth (1995) papaya should be in the pre-climacteric phase, which means, before it reaches ¼ yellow to be irradiate. But, according to Paull (1995) and Zhao et al. (1996) , who studied irradiation effects in many maturation stages, best results are attained when papayas are 30% yellow.
Abiding to requirement of fruit fly quarantine, necessary to get permits to export papaya to the United States, for instance, papaya must be harvested unripe at the beginning of the yellowing phase (Malavasi, 1996) . However, the stage of maturation in the moment of harvest is imperative to the organoleptic quality of papaya. The main component in the quality of papaya is sugar content, and the greater the time the fruit remains in the tree before harvest, the higher will be its soluble solids content (Akamine & Goo, 1971) .
Irradiation treatment control fruit flies in papaya with extreme efficiency, allowing the harvest to occur in a more advanced stage of maturation, conferring better quality to papaya. The objective of this work was the evaluation of post-harvest quality of papaya, harvested in three different stages of maturation and submitted to gamma irradiation for ripening delay.
MATERIAL AND METHODS
Type-Solo papayas were harvested in Sooretama, ES (19 o 24'S, 40 o 04'W), in perfect quality conditions, washed, waxed with carnauba wax and selected by intensity of yellow color in three distinct phases, defined as maturation 0, or beginning of yellow color up to 10% of yellow surface; maturation 1, with more developed yellow stripes or up to 20% of yellow surface; and maturation 2, with up to one third of yellow skin. This selection was adapted from the Systems Approach which employ pre and post-harvest practices to guarantee fruits free of fruit flies (Brasil, 2000) . Upon arrival to the food irradiation laboratory, fruits were submitted to new selection by color to set respective treatments, defined by a treble factorial scheme, where papayas in three stages of maturation were either treated by irradiation with 0.75 kGy or not, and analyzed in 4 different periods of conservation, which was 1 DAI (days after irradiation under refrigeration of 11 ± 1 o C and RH 80-90%); 14 DAI; 14 DAI + 3 DRT (days at room temperature 24 o ± 2 o C); and 14 DAI + 6 DRT.
The irradiation was done in the day after fruit selection, at the rate 0.393 kGy h -1 , through a Cobalt-60 source type Gammabeam 650 (Atomic Energy of Canada Ltd.), available at CENA/USP. Trials were set up in a totally randomized design, factorial scheme 2 x 3 x 4 (dose x maturation stage x period of storage), with four replications in a total of 96 samples, each sample represented by one papaya.
The following analysis were accomplished for each sample:
Phytossanitary quality: using the method of category scales in the evaluation of disease signs. The assessment of this characteristic was done subjectively through scores related to the following scale adapted from Azevedo (1998): 1. very bad -more than 50% of fruit with lesions, impossible to be made good use of; 2. bad -lesions between 25 and 50% of fruit, not much exploitable; 3. tolerable -lesions between 5 and 25% of fruit, not acceptable for trading, usable to be consumed at home; 4. Good -lesions up to 5% of fruit, conditions acceptable for trading; 5. Excellent -without lesions, perfect phytossanitary quality.
Firmness: determined through a digital Fruit Firmness
Tester, flat pointed, diameter 0.8 cm. Three measurements per fruit were done in the equatorial region, and expressed in Newtons (N).
External color: determined by Chroma Meter Minolta CR 200b taking three measurements per fruit in the equatorial region. The results were expressed in color lightness (L*), chroma (C*) and hue angle (ºh), according to McGuire (1992) , considering the mean value of the three measurements.
Internal color: determined by Chroma Meter Minolta CR 200b, where two measurements were taken in the internal surface in the equatorial region of fruits after longitudinal cut. The results were expressed in color lightness (L*) and chroma (C*) considering the mean value of the two measurements.
Total soluble solids (TSS):
determined by the use of a refractometer Auto Abbe, the measurement was accomplished directly from the pulp and expressed in percentage.
pH: determined by using the pH meter Methron Fluisau Modelo E520 directly from the pulp.
Mass loss: determined by difference between initial mass one day before irradiation and mass at the final of the evaluation periods during storage, using a digital scale; results expressed as percentage of mass loss.
ANOVA was performed for all dependent variables. Significant result (F = 0.05) led to a continuation of the analysis upon factors with significant results or interactions (F = 0.05), and decomposition of the involved factors. In both cases, Duncan test was chosen for multiple comparisons of treatments means (α= 0.05). All factors were considered qualitative including period of conservation, since during this period papaya was stored at different temperatures.
RESULTS AND DISCUSSION
Evaluation of phytossanitary quality of papaya revealed interaction between maturation stage and conservation period (Table 1) , which confirmed riper papaya to be less disease tolerant. Irradiation of papaya was not efficient in phytossanitary control, since there was no difference to the non-irradiated samples. Moy et al. (1973) and Akamine & Wong (1966) obtained good phytossanitary control only by combining irradiation and hot water dip, demonstrating treatment synergism. On the other hand, irradiation did not increase disease incidence, differing from Clarke (1971) , who affirmed that irradiation increases fruit sensibility to decay. Results about fruit irradiation vary for many reasons (Moy, 1977) , one of than being degree of initial infection of fruit before irradiation, that should be low for treatment success.
Analisis of firmness, revealed interaction between conservation period and irradiation (Table 2) . Firmness of non irradiated papayas decreased with extending conservation period. There was no difference in firmness between papayas of the three maturation stages, even though they presented different degrees of coloration. Irradiated papayas had higher firmness stability along the conservation period. In the last analysis period, papayas lost some firmness, but remained still much firmer than the non-irradiated control. In relation to the control, Irradiated papaya presented firmer than control in the 3 rd and 4 th analysis periods. Reports by Akamine & Wong (1966) , Moy et al. (1973) , Yasir (1990) , and Zhao et al. (1996) , in which firmness preservation was the criteria used by the authors to explain the delay of ripening support this result, since yellow color developed normally.
Surface coloration and fruit softening are associated to ripening (Akamine & Wong, 1966) . Normally, papaya is ripen and edible when starts to soften, despite the degree of coloration, which means that edible fruits do not necessarily have to be totally yellow. Actually, totally yellow papayas are in many occasions already senescent. Therefore, regarding papayas, softening is a better indicator of ripening than yellow skin development. Table 2 -Firmness (N) of papaya as a function of irradiation and conservation period.
Values followed by different letter (small letters in lines and capital letters in columns) were different by Duncan test (α = 0.05) DAI = days after irradiation and storage at 11±1°C DRT = days at room temperature (24 ± 2°C)
The delay in ripening in irradiated fruits can occur due to the lower capacity of these fruits in producing ethylene, since this hormone has a stimulation role in the general metabolism, and seems to be implicated in the activation and regulation of some enzymes involved in ripening (Gomez et al., 1999) . D'Innocenzo (1996) explained that papaya irradiation caused decrease in the activity of the enzymes pectinametilesterase, poligalacturonase and b-galactosidase, responsible for the solubilization of pectins that preserves fruit firmness along the ripening process.
Stage of maturation at the moment of harvest did not affect the efficiency of irradiation preservation of firmness of papayas, contradicting other authors. Irradiation efficiency to delay ripening is lost, if it is applied after the beginning of the climacteric ascension, which means, less than 25% yellow (Urbain, 1986; Bleinroth, 1995) . Loaharanu (1971) acknowledged that irradiation stimulated ripening of papayas when treated in the climacteric ascension period. In another lot, irradiation delayed ripening in papayas still green in the preclimacteric phase. However, the best results of firmness preservation obtained by Zhao et al. (1996) happened to papayas 25 to 30% yellow. Irradiating papayas mature green and ¼ yellow, resulted in firmness preservation after seven days of storage at temperatures of 25, 15 and 12 o C, but not at 10°C (Miller & McDonald, 1999) .
The evaluation of skin color in papaya was done through the evaluation of hue angle ( o h) where values above 100 o represented green colors and values below 90 o yellow colors. It was verified that papayas ripened normally (Table 1 ). There was no interaction between irradiation and hue angle, which indicates that irradiation did not inhibit color development. Zhao et al. (1996) , Moy et al. (1973) , and Akamine & Wong (1966) , also reported that irradiation kept fruits firm, but did not delay color development. However, when chroma (C*), that determines intensity of color, and color lightness (L*), that determines how dark or light the color is, were analyzed, there was difference between irradiated and non-irradiated samples in the 3 rd analysis period (Table  3) . Irradiated papaya achieved lighter and more intense color before the non-irradiated control, giving the impression that yellow color developed more rapidly. Ramli & Yusof (1992) and the Instituto de Tecnologia de Alimentos (1987) also observed that irradiated papaya ripened in a more homogenous way, since smaller number of persistent green spots, which would not turn yellow with ripening, were found in irradiated papaya. The internal color of papaya in the variables chroma (C*) and lightness (L*) did not suffer any effect from treatments.
Papaya harvested as stages of maturation 1 and 2 had higher percentage of soluble solids content, but by reaching senescence, these values decreased (Table 1) . Since one of the main components of quality of papaya is sugar content (Akamine & Goo, 1971) , it is important that papaya should be harvested more mature and, if possible, in the maturation stage that elicits higher sugar concentration. The soluble solids contents did not suffer effect of irradiation, as also reported by Moy et al. (1973) and Miller & McDonald (1999) . Irradiated fruits with higher starch content, like banana and mango, suffer alterations in soluble solids (Thomas, 1986) . However, the amount of starch in papayas is very low (Selvaraj et al., 1982) ; therefore, there was no room for alteration in sugar content.
Values of pH decreased as storage period increased (Table 4) , and there was no influence of irradiation in the pH of papayas. Moy et al. (1973) and Miller & McDonald (1999) also demonstrated that there was no modification of titratable acidity and pH in papaya which suffered irradiation treatment.
Irradiation can break chemical bonds, increasing membrane permeability and metabolic activity, which will lead to more water vapor movement to intercellular space, and then through cuticle, increasing transpiration (Maxie et al., 1971) . However, there was no effect of mass loss due to irradiation in the three maturation stages analyzed. There was only gradual mass loss of papaya as it ripened (Table 4) . Miller & McDonald (1999) also did not confirm difference in mass loss between irradiated and non-irradiated papaya in two maturation stages (mature green and 25% ripe). 
